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Effect of organic materials on phytoremediation efficiency of Cd-contaminated acid soil by Sedum

plumbizincicola

DENG Yue-qiang', CAO Xue—ying’, TAN Chang-yin'", SUN Li—juan', CAIl Run—zhong', PENG Xi', BAI Jia', HUANG Shuo-pei',
ZHOU Qing'

(1.Key Laboratory of Environmental Heavy Metal Pollution Mechanism and Ecology Remediation, College of Resources and Environmental
Science, Hunan Normal University, Changsha 410081, China; 2. Rural Vitalization Research Institute, Changsha University, Changsha
410022, China)

Abstract : Sedum plumbizincicola is a native cadmium/zine (Cd/Zn) hyperaccumulator, and it is an effective plant for the phytoextraction of
Cd-contaminated soil. To improve phytoremediation of Cd—contaminated acid soil by S. plumbizincicola, a pot experiment was conducted to
investigate the effects of four organic materials [rice straw (RS), soybean straw (SS), pig manure (PM), and dissolved organic fertilizer
(OF), and their application of 1% and 3% of soil] on the phytoremediation efficiency of S. plumbizincicola. The results showed that the
application of organic materials could improve the physicochemical properties of tested soil. Soil pH, organic matter , as well as available
N, P, and K content, under the organic materials application treatment were higher than those of the control (CK). The effect of organic

materials on soil available Cd was different due to the different kinds of organic materials and application rates, and 3% OF treatment
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increased the soil available Cd by 50.0% compared with the CK. The application of organic materials promoted the growth of S.

plumbizincicola : shoot and root biomass, increased by 1.08%~40.69% and 4.17%~54.17%, respectively, compared with the CK. The

treatments of adding RS, SS, and OF improved Cd concentration in S. plumbizincicola shoots and roots by 10.02%~64.91% and 10.95%~

45.78%, respectively. Under the planting conditions of S. plumbizincicola, the soil Cd removal rate reached by CK was 27.6%, while that

reached by organic material treatments was 29.8%~50.7%. Results of the present study imply that the rice straw returning and application

of dissolved OF could be used as an auxiliary strengthening measure in the phytoextraction of Cd-contaminated acid soil by S.

plumbizincicola.

Keywords : organic material; Sedum plumbizincicola; phytoremediation; Cd-contaminated soil; Cd availability
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Table 1 Basic physicochemical properties of organic materials used in the experiment

ALY Organic materials pH Toﬁ (é/% Toﬁ 2/% Toﬁ i/% Toﬁ E/% Total Cd%/((;:g-kg")
IKFEREFT Rice straw 7.28 7048 1.00 0.16 4.16 0.15
K EFEFF Soybean straw 7.52 65.12 0.64 0.19 0.93 0.18
%2 Pig manure 8.07  62.65 3.33 5.04 2.17 0.33
KA PLUIE Dissolved organic fertilizer 6.71  35.78 4.48 0.27 10.5 0.15
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BT ERT R R AR ES Cd 5 i (P<0.05) , ifif PM19% Al
PM3% A FRARER Cd 7 A7 FrbeA . BT &, it FH /K
VEAEAT HLAE X755 K 3 AR S Cd 25 A 38 i
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Table 2 Effects of organic materials on physicochemical properties of soil

yGsLil AL AN HELP HALK
Treatments ph Organic matter/(g-kg?)  Alkali-hydrolyzable N/(mg-kg™) Available P/(mg-kg')  Available K/(mg+kg")

CK 4.78+0.08d 21.7+0.5d 121+5d 29.2+0.4e 149+3¢
RS1% 4.94+0.07¢ 23.0+0.9¢cd 128+8cd 30.8+1.3de 161+7b
RS3% 5.22+0.17b 26.1+0.6b 132+10bed 32.9+1.5¢ 175+6a
SS1% 4.98+0.61c 23.1+1.4cd 124+6c¢d 30.2+1.5e 151+8bc
SS3% 4.91+0.10cd 23.7+0.6¢ 142+4ab 32.3+0.5¢d 158+2hc
PM1% 5.33+0.08b 24.6+1.1hc 131+2bed 35.00.6b 153+6hc
PM3% 5.62+0.07a 27.9+1.2a 148+6a 37.620.9a 171454
OF1% 4.84+0.04cd 22.9+0.7¢d 128+3cd 33.620.9bc 173+5a
OF3% 4.95£0.04c 23.4+0.9¢d 135+7he 35.00.79h 178+7a

TE AR NE FRERORAS R R R 22 57 .35 (P<0.05) o R 1A

Note: Different lowercase letters indicate significant difference between different treatments (<0.05). The same below.
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Different lowercase letters indicate significant difference among different treatments (P<0.05). The same below

B 1 SRy SXREMEN 2N

Figure 1 Effects of organic materials on biomass of S. plumbizincicola
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Figure 2 Effects of organic materials on Cd content of S. plumbizincicola

94.62%~96.37% H1 3.56%~5.37%. 5 CK #1 It , A [F]
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F A R — oA L ) P 2 (R A 38R o] A& BI, v
B (3%) 41 F A 5 K Cd B B8 #0 Hk A &
(1%) @ , X ULIALED 52 K Cd FR R m ik 2 A HL kL
EiopA e
24 AR LECIEEMEYSCIEENHIT
A YR F X 13 DTPA-CA & B P=4E TR
[ RLE IR ($64) . 5 CKAHH, PM1% F1 PM3% Ab
P+ DTPA-Cd & 4 BIREAR T 6.25% F112.5% ,{H
Joip %25 . HABALBE 13 DTPA-Cd &% 7 A AR 2
v, L F i b it P 0 3 n i3S =, Forh OF3%
b FRACR Rt B CK I 5 T 50.0% (P<0.05) . H It

R3 BVNYRFEFET R CIFRESHIEIN (wg-pot™)

Table 3 Effects of organic materials on Cd accumulation in

S. plumbizincicola( g+ pot™)

Al UL, 3 DTPA-Cd % & 1928 {L PRUAT HILA RHRR 25
FHRE M .

AR S R A TS S L R v e A AL
BHEDE T V55 3 b Cd 19 2B, B [EA HLA R
KR HmX L Cd ERBERAB —EERF(FR4),
M 2R 4 0150, P s R E 5 H 3 Cd 2R B R
B T 0.21~0.38 mg-kg . CKAbFE 148 Cd L% R
27.6% , F ALY KAk B+ 38 Cd 2 bR % 0] 35 29.8%~
50.7% , For K ARG FF AR A HUAE AR 35 Cd 1
PN R E g S W R R IR/ E S SOKE 2 IS = PN 3]
gtk Cd V5 Yefe 3 HAT s bR A
2.5 BNYREEERAEN T SREELM S

W5 s, ALY EEE RIS T3 pH . DTPA-Cd
B Cd R BRFAED 5 KM A P i AR Cd
SR ERCdERMCd B ERAE B EEN ;A
HL it 5 % 14 pH .DTPA-Cd & & .Cd ER %R
FEE 5 MR A Wi o B3 A b 3 Cd &
EACd B R B . R 8 Cd g

R4 BERTECIEENHEUSCIEE

Table 4 Soil total Cd content and available Cd content after

| CIEBEE  RHCIRRE LA CIRER __ Phytoremediation
Treatments Total accumulation Root Cd Shoot Cd Qb3 B )G 11 Cd e Cd B DTPA-Cd/
of Cd accumulation accumulation Treatments  Total Cd/(mg-kg™) Cdremoval rate/%  (mg-kg™)
CK 270+24d 11.5¢1.1e 258+25d CK 0.54+0.04a 27.6+3.4e 0.16+0.02bed
RS1% 331+25hbed 11.8+1.5de 319+24bed RS1% 0.45+0.08bc 39.6+10.2bc 0.18+0.01be
RS3% 527+59a 20.9+0.9b 506+58a RS3% 0.38+0.04d 49.3+4.8a 0.22+0.02a
SS1% 356+39bh¢ 15.2+1.4cd 341+39bc SS1% 0.48+0.02ab 35.6+2.8cde 0.16+0.01bed
SS3% 344+30bcd 15.8+0.4¢ 328+30bcd SS3% 0.43+0.05bed 43.1+6.6abc 0.18+0.01b
PM1% 301+48cd 14.8+2.3cde 286+46¢d PM1% 0.53+0.03a 29.8+3.4de 0.15+0.02¢d
PM3% 316+30cd 15.0+2.2¢cde 301+28bed PM3% 0.47+0.02abc 37.3+2.3bed 0.14+0.02d
0F1% 391+46b 21.0+£3.7h 370+43b 0F1% 0.41+0.03cd 45.3+3.5ab 0.22+0.02a
0F3% 542+43a 24.8+1.6a 517+45a 0F3% 0.37+0.02d 50.7+2.3a 0.24+0.01a
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Table 5 Significance of F value in two—way ANOVA analysis of variance

N M AR By RS Cd & M R Cd & Cd BB Cd EBRR
% Effec H DTPA-
RIS Effect P G Root biomass Shoot biomass Root Cd Shoot Cd Total accumulation of Cd Cd removal rate
H LKL Organic materials #* skt — * ok s . .
it I Application rate  ** * * * — * * ok

T —FRA B 5+ P<0.001 ;%% P<0.01;* P<0.05,
Note :— indicates not significant; *** significant at P<0.001; ** significant at P<0.01;* significant at P<0.05.

TP 5 RAE SRR 52 B WL B A ] 1 3t ISESNERIRZE S BHiEuR G e AR e 3 0% AL

[F) 52 AR RS L Cd Byl SR, AT HLARL NS L
2.6 TEMHT FREZHEREXEDT E CA WAL S R 32 A6 i | IR A

Ko N LIEFAED R FRASFR AT . JOKFEZ R BRI, 58 IR SR TR AR
BEREW], LHEDTPA-CA 5 RSB K B B HIE SR, L3P BORE AT FIAE 20 ), TR JOR 2 i)
MREKFR(P<0.01) . PO FRMRICd TS L A PUR(DOM), X L5 Cd A BAr G AR,
DTPA-Cd & 2R F IEMA R E R (P<0.01), S5k MTIER oy L3 A A Cd 3555 T Xu S5 SR 48 21
A K B F IEASCE R (P<0.05) , 5 pH R R KRR FF AN RS FT2E A 3 ] LIUE siAs & 1Y
ALK (P<0.05), PRI KM FECdE =S T /AW HEARES Cd &=L, ABRINER
B DTPA-Cd & A K B R & IEADCK R (P< R MR FEAL B + A RS Cd & A BT T RE,
0.01), 5 pH £ 35 FAAHSE K AR (P<0.05) FUISCIA AT RE S 8 20 A 1385 70 7™ R R 1 T
3 it W2, JEHEIR 5 Ca* T RS R s ) 28 5 1, ok T

H 4 Jm CABliAL , BRAR 1 4 DTPA-Cd % i 1M it 1)
3.1 BUAIX LT CIERENR M IKAERGFE R R RUKR VA MU B AR $E 5 T pH,
T CAARNERE M R RBEEACRNER HEWARRERS T 1% DTPA-Cd & &, H

®6 TEMET RRXEZERNEXERY

Table 6 Correlation coefficients of the main indexes of soil and Sedum plumbizincicola

Ji N N . fiCd M EFECd  CAREBIRR  CdERE
prea- VR BEN sk it s i o) JERCH CLERURE - CdkdE
pH cd Organic Alkali- Available P Available K Root biomass Shoot biomass T g Total accumulation Cd removal
‘ matter hydrolysable N vartable varable oot bromass Shoot DIOMASS g oot ¢d - Shoot Cd of Cd rate
pH 1 -0.370 0.820%* 0.552%% 0.668** 0.225 0.339 0.418* -0.486* -0.384* -0.093 -0.109
DTPA-Cd 1 -0.163 -0.020 0.055 0.613%* 0.441%* 0.314 0.723%%  (.819%* 0.763%* 0.707%*
AL 1 0.584: 0.684:* 0.434% 0.401%* 0.488** -0.206  -0.100 0.148 0.169
Organic matter
B N Alkali- 1 0.654:%* 0.392% 0.294 0.126 -0.057  -0.009 0.032 0.159
hydrolysable N
% vailable . : . * . . A . .
H%UP Available P 1 0.533%* 0.542% 0.329 0.093 0.131 0.248 0.264
JHALK Available K 1 0.605°%* 0.441%* 0.461%  0.575%* 0.631%* 0.548%*
AR Ayt 1 0.619%* 0.296  0.485% 0.664%* 0.548%
Root biomass
H EFRA: 4 Shoot 1 0.065 0283 0.700%* 0.409%
biomass
np Cd & 1 Root Co A * A b X *
HE3 Cd % i Root Cd 1 0.918%** 0.708%** 0.637%
H_F 3 Cd & 4 Shoot Cd 1 0.880%* 0.766%*
CA B R 1 0.762%*
Total accumulation Cd
727 Removal rate
EBRER 1 1

T R AN [F) b B TE] I 35 A0 56 (P<0.05) , # F 7R AN [a] Zb B[R] B I 3 4 56 (P<0.01) o

Note: * indicates significant at P<0.05, ** indicates significant at P<0.01.
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RS3% .0F1% F1 OF3% 4k B 35 3] {2 2% 7K F- (P<0.05) ,
J DR AT RE SR K AE RS FF LR GRS AR AR AT LR s
K& DOM #7 A L3 i DOM A 55 + 3 rf Cd* B i
B2 RS (CAd-DOM 2554 RT3 1
+ 45 Cd AP R 33X 55 AR TRk A 7 B BH A 4
BT TE L R —2 . AR Y], DOM ik BE A%y + 3%
A B A A TG SR R AR S 2 R B
F%, W g 5 Cd AL A R AE D REAH C B TUAE
TEPE, HE TR -3 Cd AR, Li SR ik
T PR S KRR R it + 3 E 4 e LA TE Ak
YER, T4 R CA A ctE . eAh AR S R 3
Cd (AW 25 T AR - 38 2008 cd & ™ H L, 72
PE S RAB S L B, A WL R 148 Cd A et
SR R FL A A O
32 B EREENER

AW A Cd & BES IR 5 RAB SRR R G
SDN R 38 A SR AR AR R W — s [ R e
HHEA R T R RGOS . A5, i
FH A TP AT HLARLAS [F] F2 B M 385 7 P 5 K 1l B3
AR ES AR o (P 1), i DR AT RS LA R it AR
MRS T LAV AA RSN P K& &, {2
TR S R AR, FERE I OR K R RS A >k
A PSS KEREFF . BB 5 K Cd
T TG i AR AL 5 T K RS AT R GRS R AR
PEA HUIRAEGE T R 5 K0k 4398 Cd R, 7% HE R
PRI RE I T 3 Cd BTGP o ARWFFEAH S Bt
SR R S R B AR AIARER Cd & & 5
DTPA-Cd 7% 5 22 i 3 1E A 56 ¢ &R (P<0.01) , 1 iiF
Bl T3k — o AN, Zhou ZEPV I 58 45 AL R, TR
IK A RS FF AL B A0 5 R M B3 Cd 5 it i 2
fnoTE g R RS R SR Cd WG 4R
14.3%~20.7% , Ji K& K FEFE AT A - 88 5 48 & 17+
e Cd AR Rk T AT SR N -8 Cd IR, 2
el , A AF5T 2 B = it A 3 S e S T AR
FOR Cd & i, RUIA [ER A ML E R 5K Cd
WSRO B SE AN [/, BT AT A B, OF3% Ab 3R
s R AR R A Cd & e i, 248 CK 34 m
T 64.91% F145.78% , 5% Fo g A 3= 2 H X 14 Cd 1Y)
T AL SR B b, OF3% Ab B + 3 DTPA-Cd % 5 7] 15
0.24 mg-kg™, il # & T CK Zb FH (0.16 mg-kg™) . It
Hb, Fan SEPIFSE 45 SR, K R RS AR5 RR 55t
KBS 5 -3 Cd K BR AR AT Ik 31.8%; A il 40 45 R i
N A AT SR (CK) B E L Cd 2B %R

27.6% , A LR G 10 5 KA 5 3 Cd 5 BRR
A5 29.8%~50.7% , Vi WA AT ML RHE $2 = A1 5 R %
Cd 5 YR TE + I 2 3805 0y T R 45 T HEAERL
RIGAE T, ARGV R BT 5 % Cd 15
P+ B RORA PR, LR Rl — A L RS [F]
P2 RO 22 53 AT UK B, 3% PR IR T 1%
FHAE XU A MR S RAE S Cd 5 Jefe 1+
BB A E A LRI 5 38 5 A DL R
Jiti A 5o BRGTEIESE & B, it FH B S B e it 1
1B 0~4 1 B AE 3 KT Cd RIS B, Cd B R i
BCKHRRE 1 265.44%, MBS 4~8 T Am stk Cd R
B CK R, fr bl I, 32 4 e V5 e T e Al
PIE SRR IR T 225 G S R AR 52 . ST
it FHZK RS R RS FE SR E A AUIEXT Cd 15
LR A 3 PR S KA 2 # BLAT — (R
K FEREFERUK A MR A RCR BT Rk, 767
T S RAB R Cd 15 Ytk A F -3, ] 25 K e
FE AT BRI K Vs A U ES T4l Bl s ik g 52, iF
Mk EE AR S KA ACR M B Y (B L EHS
B R DL SR FR IS ORI A R E— 25

4 Zig

(DRI AT, Cdi5 YR Ak H 3 i F 4
PR AL M 38 pH A A LT R N A %0 P IR
K A AN AR EE RGN, S PRI PE A BTl

Q) 4T AN EME S TR S R A K e T
PR 50 R M b 3 R S A &, OF3% Ab BEALR e
4f 5 Jiti FH RS .SS 1 OF i 7] 42 5 1- 8 DTPA-Cd % i Fil
PER SR Cd &, OF3% A FRAUR e dif-

Q) ALY RHE & T st R B E R, Hrp
RS3% 1 OF3% 4b # %} + 3 Cd 1) 25 B sk fefE
I, TR AR S RAB K Cd V5 Ye itk 3t # b, a]
2 R K ARG AT FH RN 33 it 7K s M A AILIE R 2 7
BERR,
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